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Anagen hair bulbs were collected and maintained in organ culture for periods up to 24 hr. 
Prostaglandin E, E,, and arachidonate were introduced to the cultures and stimulated a 
series of cellular events characterized by peripheral orientation of microfilaments in the 
dendritic processes of melanocytes, complexing of melanosomes, and degradation of 
melanosomes within keratinocytes. These events were dependent on the concentration of 
prostaglandins. In addition, the most potent agent for these events was arachidonate. The 
action of arachidonate was hypothesized to occur through the production of endogenous 
prostaglandins since arachidonate was ineffective in the presence of inhibitors of prosta-
glandin synthetase. 
Stimulation of melanocytes for the production of 
melanin pigmentation appears to be dependent on 
a number of factors. Melanocyte-stimulating hor-
mone (MSH) increases tyrosinase activity and 
affects adenylate cyclase activity in melanocytes 
[1-3]. Cyclic AMP itself has been shown to regu-
late levels of tyrosinase in melanoma [4]. In 
addition, cyclic AMP has been shown to stimulate 
dispersion of melanosomes into dendritic processes 
of the melanocyte by peripheral orientation of 
microfilaments [5]. It thus promotes pigment 
transfer between mammalian melanocytes and 
keratinocytes [6]. Light between 290 and 320 nm 
and, to a lesser extent, wavelengths greater than 
32{) nm will produce effects on the fine structure of 
melanocytes similar to those of cyclic AMP. Ul-
traviolet light between 340 and 640 nm causes (a} 
photooxidation of preformed melanin to semiqui-
none-like free radicals in the melanin polymer, (b) 
a change in the melanosome distribution in basal 
and supra basal keratinocytes of the epidermis, and 
(c) it has no apparent effect on numbers of 
melanocytes [7]. 
Prostaglandins have been reported to disperse 
melanosomes in black goldfish [8] and darken frog 
skin [9]. Prostaglandin E, has been noted to 
increase adenylate cyclase activity in Cloudman 
melanoma to a level greater than that with either 
porcine MSH or PGE, [3]. Prostaglandin E, also 
darkens frog skin at the same rate and to the same 
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final optical density as MSH with a concomitant 
increase in levels of cyclic AMP. An additive effect 
on melanoma cyclase levels was noted by concomi-
tant exposure to both MSH peptides and PGE, [3]. 
The purpose of the present study was to compare 
the effects of exogenous prostaglandins E" E,, and 
arachidonate on melanin pigmentation. The re-
sults when compared with the previously reported 
effects of cyclic AMP, MSH, and 290-640 nm light 
implicate prostaglandins and arachidonate, a fatty 
acid precursor of prostaglandins, as important 
factors in melanin pigmentation. 
MATERIALS AND METHODS 
Hair bulbs were obtained from normally pigmented 
Caucasian human volunteers with brown hair as previ-
ously described by Witkop et al [10 ].* Only anagen hair 
bulbs were selected. Immediately after harvesting, the 
samples were placed in 5 ml of Dulbecco's modified 
media and maintained at 37°C in an atmosphere of 95% 
air and 5% CO,. 
After stabilization of the cultures for 1 hr in culture 
media at the above temperature and atmospheric condi-
tions, PGE" PGE,, and sodium arachidonate (Sigma) 
were added in concentrations between 5 n&fml and 100 
l'g/ml. The hair bulbs were incubated for varying periods 
from 5 min to 24 hr. Control incubations without prosta-
glandin or arachidonate and samples with inhibitors of 
prostaglandin synthesis (aspirin and indomethacin, 
Merck, Sharp & Dohme) were also analyzed. In addition, 
the fatty acids stearic and caproic were tested to see 
whether the effects observed were nonspecific detergent 
effects of fatty acids. 
The experiments were terminated by fixation in 3% 
cacodylate-buffered glutaraldehyde containing 0.1% 
CaCl, at 30"C for 90 min. The hair bulbs were washed 3 
times in cacodylate buffer with 0.1% CaCJ, and postfixed 
with 2% osmium tetroxide. Specimens were dehydrated in 
• Hair bulbs were obtained in conformity with NIH 
regulations on the use of human subjects in research. 
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acetone (25-100%) and embedded in Epon 812. Thin 
sections were prepared on an LKB ultramicrotome and 
stained with uranyl acetate and Venable's lead citrate. 
All sections were examined in a Phillips 200 transmission 
electron microscope at 80 kv. 
RESULTS 
The results of incubation with prostaglandins, 
arachidonate, and their controls are presented in 
the Table. 
Untreated controls. Untreated controls revealed 
normal morphology. Large numbers of melano-
cytes were seen in the melanocytic zone of the hair 
bulbs. Mitochondria were abundant and located 
throughout the cytoplasm. Golgi zones were easily 
recognized and located about the nucleus. Den-
dritic processes were noted extending from the 
cells. Melanosomes in different stages of maturity 
were often noted (Fig. 1). Microfilaments (10 nm) 
were occasionally observed and were usually asso-
ciated with dendritic processes. Keratinocytes of 
hair bulbs were recognized by their nondendritic 
nature, presence of tonofilarnents, and joining 
desmosomes. Melanosomes could be noted distrib-
uted throughout the cytoplasm (Fig. 2). Similar 
findings were observed at 5 min, 10 min, 1 hr, and 
24 hr of incubation in culture media. 
Arachidonnte. After 5 min of incubation with 50 
ng/ml arachidonate, all stages of melanosome 
development were noted in hair-bulb melanocytes. 
There also appeared to be increased numbers of 
premelanosomes in melanocytes. In addition, a 
well-developed Golgi zone, endoplasmic reticulum, 
and numerous mitochondria were present (Fig. 3). 
Microtubules (25-75 nm) were prominent, as were 
microfilaments (10 nm) which were oriented paral-
lel to each other primarily within dendritic proc-
esses (Fig. 4). There was an enhanced appearance 
of microfilaments within the dendritic process and 
a loss of microfilarnents from the perikaryon. After 
1 hr of incubation, there appeared to be some 
scattering of mitochondria, and melanosome com-
plexes began to form. Keratinocytes revealed nu-
merous microtubules, and melanosomes appeared 
aggregated in membrane-bound complexes (Figs. 
5, 6). After 24 hr of incubation many well-
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developed cytoplasmic organelles were still present 
in melanocytes (Fig. 7) and increased numbers of 
melanosomes were in large complexes in keratino-
cytes (Figs. 8, 9). 
When the concentration of arachidonate was 
raised to 5 ~tg/ml or greater, large complexes of 
melanosomes were noted in melanocytes and deg-
radation of melanosomes was evident. In addition, 
indentation of the nucleus was noted (Fig. 10) and 
keratinocytes showed extreme degradation of mel-
anosornes (Fig. 11). 
Arachidonate plus idomethacin. The action of 
arachidonate plus aspirin and indomethacin at all 
concentrations of arachidonate did not reveal any 
differences from control incubations without ara-
chidonate or prostaglandins. 
Prostaglandin E '- The effects of 10 lig/ml prosta-
glandin E, mimicked that of 50 ng/ml arachido-
nate at similar intervals. The amount of PGE, 
needed to elicit the same responses as 5 lig/ml of 
arachidonate for similar periods of time was 100 
jtg/IDJ. 
Prostaglandin E,. The action of LOO lig/ml of 
PGE, was similar to that of 50 ng/ml of arachido-
nate or 10 ~tg/ml of PGE, after similar periods of 
incubation. It required 500 ,ug/ml of PGE, to 
produce the effects produced by 100 lig/ml ofPGE, 
or 5 lig/ml of arachidonate. 
Fatty acids. Stearic and caproic acids did not 
have any detectable metabolic or detergent effects 
on the cellular events in melanocytes or keratino-
cytes under the conditions and procedures previ-
ously outlined. 
DISCUSSION 
Prostaglandin E" E,, and arachidonate stimu-
lated a series of cellular events which appeared to 
be dependent upon the concentration and duration 
of exposure to these compounds. The greater 
effectiveness of PGE, compared with PGE, was in 
agreement with previous observations on the po-
tency of one class of prostaglandin over another in 
other cell systems [ 11 ]. In the present investiga-
tion, hair bulbs treated with aspirin and indometh-
acin and arachidonate demonstrated no changes, 
while those treated with arachidonate alone 
TABLE. Summary of prostaglandin and aro.chidonate effects on anagen hair bulbs 
5 10 50 100 5 
ng/ml ng/ml ng/ml ng/ml l'g/ml 
Control - - - -
Arachidonate - - + + 
Arachidonate + - - - -
indomethacin 
Prostaglandin E, - - - -
Prostaglandin E, - - - -
Fatty acids - - - -
+ Positive effect of agent on cellular events after incubation. 
+ + Toxic effect or exaggerated effects. 
- Negative effect, 
0 Not tested. 
-
++ 
-
-
-
-
10 50 100 500 
~g/ml ~g/ml l'g/ml l'g/ml 
- - - -
++ ++ ++ 0 
-
-
- -
+ + ++ 0 
-
- + ++ 
-
- -
-
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FIG. I. Untreated anag-en melanocyte containing mela-
nosomes (M) in various stages of development. Golgi (G) 
regions are well developed. and mitochondria (MC) are 
prominent ( x 14,000). 
FrG. 2. Untreat€d anagen keratinocyte containing tono-
filaments (Tl, stage IV melanosomes (M), and desmo-
somes (D) ( x 9,000). 
showed marked alterations in melanosome com-
plexing and dissolution. These observations sup-
port previous investigations which indicate that 
aspirin and indomethacin inhibit prostaglandin 
synthetase, an enzyme prerequisite for endogenous 
prostaglandin synthesis [12, 13 l- The lack of effect 
of similar concentrations of free fatty acids. caproic 
stearic and arachidonic with aspirin and indo-
methacin argues against the possibility that the 
observed results with arachidonate were detergent 
in nature. The effectiveness of arachidonate at 
nanogram levels as compared with the microgram 
quantities of exogenous prostaglandin necessary to 
Vol. 64, No.5 
elicit a similar response revealed that, in hair 
bulbs. arachidonate was a significant mediator of 
certain defined cellular events. 
The action of exogenous prostaglandin. and 
more specifically arachidonate. on maturation of 
melanosomes. orientation of microfilaments in 
dendritic processes. melanosome complexing, and 
ultimate dissolution of melanosomes paralleled the 
action of 3'5' cyclic AMP [6) and MSH [5). This 
suggests that exogenous prostaglandins and possi-
bly endogenous prostaglandin synthesis through 
arachidonate are significant factors in melanin 
pigmentation. 
F1n. 3. Five-minute arachidonate {50 ng/mll-treated 
anagen melanocyte with numerous Golgi (G) regions. 
mitochondria (MCl. and melanosomes (M) in various 
stages of development ( x 12,500). 
FIG. 4. Dendrite of anagen melanocyte treated for 5 
min with arachidonate (50 ng/mll. Melanosomes (M) are 
present and associated with microfilaments (MF) ( >< 
18,000). 
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The effect of arachidonate at nanogram levels 
was similar to that of ultraviolet light (29CHl20 
nm). This effect was demonstrated bv {a) increase 
in numbers of functioning melano<:ytes II], (b) 
increase in peripheral orientation of microfila-
ments usually associated with an increase in trans-
fer of melanosomes into keratinocytes. and (c) 
increase in degradation of melanosomes in kerat-
inocytes 17 ]. Effects of greater concentrations of 
arachidonate (5 J.lg/m!) were comparable to the 
effects of radiation damage to melanocytes, show-
ing large me!anosome complexes in me!anocytes 
and keratinocytes and increased melanosome deg-
FlG. 5. Anagen keratinocyte 1 hr after arachidonate (50 
ng/ml) treatment. Melanosomes (MJ are aggregated into 
complexes. tonofiiaments ( Tl are evident. and mi-
crotubules (MT) are prominent (x 9,000). 
Fro. 6, Keratinocvte hr after treatment with ara-
cbidonate (50 ng/ml) revealing numerous microtubules (MTl. degradation of melanosomes (M), and containing 
tonofilaments (Tl and desmosomes (D) ( x 14,000). 
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FlG. 7. Melanocyte following 24-hr arachidonate treat-
ment (50 ng/mll. Golgi regions (GI. mitochondria IMCI. 
and developing melanosomes (M) (" 14,0001. 
FlG. 8. Keratinocvte after 24-hr incubation with ara-
chidonate (50 ng/m'lL Melanosome complexes (CJ are 
still evident. (N, nucleus) (X 9.0001. 
radation in keratinocytes [14]. Although no spe-
cific data exist on the levels of prostaglandins. 
cyclic AMP. or MSH following ultraviolet light in 
melanocytes, Mathur and Gandhi [15] noted a 
7 -fold increase in prostaglandin synthesis in epi-
dermis and dermis following ultraviolet radiation. 
Likewise, the recognition that aggregation of plate-
lets occurred after exposure to ultraviolet light [ 16, 
17] suggests that the generation of endogenous 
prostaglandins may mediate the aggregation re-
sponse. 
Smith and Willis [18] first demonstrated that 
prostaglandins were synthesized during platelet 
aggregation. Silver et al [12, 13] showed that both 
indomethacin and aspirin inhibited platelet aggre-
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FIG. 9. Keratinocvte after 24-hr incubation with ara-
chidonate also reveals products of melanosome degrada-
tion (D), tonofilaments (T), mitochondria, and nucleus 
(N) (x 21,000). 
FIG. 10. Melanocyte following 1-hr treatment with 5 
.,g/ml of arachidonate reveals indentation of the nucleus 
(N), and large melanos_ome complexes (x 13,000). 
gation and prostaglandin production, thus suggest-
ing that endogenous platelet prostaglandin synthe-
sis was intimately related to physiologic control of 
platelet aggregation. Recently, Willis and Kuhn 
[19] and Willis [20] demonstrated the production 
of labile aggregation stimulating substances 
(LASS) which were produced by reacting platelet 
microsomal fractions with arachidonate. The 
LASS were shown to be analogous to endoperoxide 
intermediates of prostaglandin formed from the 
action of sheep vesicular gland microsomes with 
arachidonate [21 J. since both preparations were 
noted to be potent mediators of platelet aggrega-
Vol. 64, No. 5 
FIG. 11. Keratinocyte following 1-hr treatment with 5 
.,g!ml arachidonate. Large melanosome complexes (MC) 
(x 7,100). 
tion. Thus, the observed effects of arachidonate on 
hair-bulb melanocytes and keratinocytes parallel 
some of the findings on platelets [19,22 ], and 
although specific evidence is incomplete, prelimi-
nary data suggest that intermediate endoperoxides 
of prostaglandins may be the most active compo-
nents of prostaglandins in melanocytes and kerati-
nocytes of anagen hair bulbs. 
Prostaglandins E,, E,, and arachidonate stimu-
lated a series of cellular events that paralleled the 
effects of cyclic 3'5' AMP, MSH, and ultraviolet 
light. These events were dependent on the concen-
tration of prostaglandins. The most potent stimu-
lus for these events appeared to be arachidonate. 
Evidence from other cell types suggests that the 
arachidonate effect is mediated through the pro-
duction of endoperoxide intermediates of endoge-
nous prostaglandins. Similarly. present evidence 
suggests that arachidonate may function in a 
similar manner in human anagen hair bulbs; 
however, isolation of the intermediates and testing 
are required prior to complete definition of these 
responses. 
REFERENCES 
1. Lee TH, Lee MS: ln vitro effects of MSH on 
tyrosinase and melanogenesis of pigmentary sys-
tem. Yale J Bioi Med 46:493-499. 1973 
2. Abe K, Butcher RW, Nicholson WE, Burd WE, 
Liddle RA, Liddle GW: Adenosine 3'5'-monophos-
phate (cyclic AMP) as the mediator of the action of 
melanocyte stimulating hormone (MSH) and nor-
epinephrine on the frog skin. Endocrinology 
84:362-368, 1969 
3. Kreiner PW, Gold CJ, Keirns JJ, Brock WA, Bi-
tensky MW: MSH-sensitive adenyl cyclase in 
C!oudman melanoma. Yale J Bioi Med 46:583-591, 
1973 
4. Johnson GS, Paston I: N',O'-debutyrl adenosine 3', 
5'-monophosphate induces pigment production in 
May 1975 
melanoma cells, Nature [New Bioi] 237:267-268, 
1972 
5. Moellmann G, McGuire J, Lerner AB: Intracellular 
dynamics and the fine structure of melanocytes 
with special reference to the effects of MSH and 
cyclic AMP on microtuhules and 10 nm filaments, 
Yale ,J Biol Med 46:337-360, 1973 
6. Wikswo MA: Action of cyclic AMP on pigment 
donation between mammalian melanocytes and 
keratinocytes. Yale J Biol Med 46:592-601, 1973 
7. Jimhow K Pathak MA, Fitzpatrick TB: Effect of 
ultraviolet on the distribution pattern of microfila-
ments and microtuhules and on the nucleus in 
human melanocytes. Yale J Bioi Med 46:411-426, 
1973 
8. Abramowitz J, Chavin W: In vitro eftects of prosta-
glandins upon melanosome dispersion in the skin of 
black goldfish. Prostaglandins 4:805-818, 1973 
9. Peaslee MH: Frog skin darkening effect of prosta-
glandins E, E, and F,,. Am Zool11:65L 1971 
10. Witkop CJ. White ,JG, >.iance WE. Umber RE: 
Mutations in the melanin pigment system in man 
resulting in features of oculocutaneous albinism. 
Pigmentation: Its Genesis and Biologic ControL 
Edited by V Riley. New York, Appleton-Century-
Crofts, 1972, pp 359-377 
11. Kuehl FA, Cirillo VJ, Ham EA, Humes JL: The 
regulatory role of the prostaglandins on the cydic 
3', 5' AMP system. Adv. Biol Sci 9:155-172, 1972 
12. Silver JJ, Hernandovitch J, lngerman C, Kocsis JJ, 
Smith JB: Persistant inhibition by aspirin of 
collagen-induced platelet prostaglandin formation. 
Platelets and Thrombosis. Edited by S Sherry, A 
Scriahine. Baltimore. University Park Press, 1974, 
pp 91-98 
INFLUENCES OF PROSTAGLANDINS AND ARACHIDONATE 337 
13. Silver M.J. Hoch W. Kocsis JJ, In german CM, Smith 
JB: Arachidonic acid causes sudden death in 
rabbits. Science 1S:J: 1085-l087, 1914 
14. Mottaz JH, Thorne EG. Zelickson AS: Response of 
the normal melanocyte to minor trauma. Arch 
Dermatol 104:611-618. 1971 
15. Mathur GP, Gandhi VM: Prostaglandin in human 
and albino rat skin, J Invest Derma to! 58:291-295, 
1972 
16. Dickson RC. Doery JCG. Lewis AF: Ultraviolet light: 
a new stimulus for the induction of platelet aggre-
gation. Science l72:ll40-ll42, 1971 
17. Doery ,J, Dickson R Hirsch J: Induction of aggrega-
tion of human blood platelets by ultraviolet light: 
action spectrum and structural changes. Blood 
42:551-555, 197.3 
18. Smith JB, Willis AL: Formation and release of pros- . 
taglandins by platelets in response to thrombin. 
Br J Pharmacol 40:545. 1970 
19. Willis AL, Kuhn DC: A new potential mediator of 
arterial thrombosis whose hiosvnthesis is inhibited 
by aspirin. Prostaglandins 4:127-130, 1973 
20. Willis AL: Isolation of a chemical trigger for throm-
bosis. Prostaglandins 5:1-25. 1974 
21. Hamberg M, Svensson J, Wakabayaski T, Samuels-
son B: Isolation structure of two prostaglandin 
endoperoxides that cause platelet aggregation. 
Proc Nat! Acad Sci USA 71:.345-349, 1974 
22. Gerrard JM. White JG, Roa GHR, Krivit W, Witkop 
CJ: Labile aggregation stimulating substance 
(LASS!: the factor from stmage pool deficient 
platelets correcting defective aggregation and re-
lease of aspirin treated normal platelets. Br J 
Haematol (in press) 1975 
